Abstract The current study was carried out to assess in vitro and in vivo effects of Moringa oleifera seed methanolic extract on Fasciola hepatica to develop an alternative source of treatment. The in vitro ovicidal effect of M. oleifera seed extract on immature F. hepatica eggs has provided evidence of inhibitory activity on the vitality and hatchability of F. hepatica eggs. This inhibitory activity was concentration-dependent and also correlated strongly with the exposure time. In the in vivo trial, the oral administration of F. hepatica experimentally infected rabbits with doses of 150 mg/kg BW prepared extract per day for 3 consecutive days on the 63rd day post infection confirmed potent fasciolicide activity of the extract. A gradual decrease in fecal egg count (FEC) was detected from the 1st day post treatment until reaching 100% FEC reduction by the 7th day post treatment. No flukes could be found at post mortem examinations. Significant increments of serum total protein, globulin, the activities of ALT and AST, total cholesterol, triglycerides and urea were recorded during the period of infection, which were improved by treatment. Remarkable histopathological alterations were observed in the infected liver and gallbladder tissues which decreased clearly in the treated rabbits. This study proposes that the used extract has promising and potent fasciolicide activity.
Introduction
Fasciolosis is a parasitic disease widespread in animals and human beings, with considerable economic and health importance (Shalaby et al. 2016; Gabrashanska et al. 2016) . Fasciola gigantica (F. gigantica) is considered the endogenous species of Fasciola, found in the Nile Delta, Egypt, while Fasciola hepatica (F. hepatica) was thought to be present only in imported animals (Lotfy et al. 2002) . For a number of years it has posed a major problem in ruminant livestock production but, due to climatic changes, there has been a worrying upsurge in the incidence and spread of the disease (Mitchell 2002) . In Bulgaria, this helminthiasis is caused by F. hepatica. Local foci that are more commonly observed could be converted under certain conditions into localities for the enzootic course of the disease. This is most often due to poor pastures in rainy years which create favorable conditions for the increase of the population of the intermediate host Galba truncatula (Georgieva et al. 2012) . Most of the studies on the pathogenesis of fasciolosis are focused on the hepatic changes, as the liver is the main target organ. Mechanic-traumatic, toxic, immunologic and carcinogenic effects of parasites F. hepatica were examined in different infected hosts during their migration inside the body or permanent localization in the liver (Gabrashanska et al. 2016) . Hepatic lesions produced by migration of the F. hepatica juvenile flukes in the liver of various host species are associated with mechanical damage of organ parenchyma, resulting in hemorrhage, necrosis, fibrosis, cirrhosis and hyperplasia of the bile duct epithelium, inflammation of the liver and bile ducts accompanied by loss of condition, digestive disturbances, reduction in productivity, hypoalbuminemia, anemia, and weight loss (Mendes et al. 2012; Gabrashanska et al. 2016) .
Different types of anthelmintics have been used in the treatment and control of fasciolosis, the therapeutic effect of closantel was recorded as an adulticide in treating chronic fasciolosis (Solana et al. 2016) . Although the combination of oxyclozanide and oxfendazole was proven to have potential effect against Fasciola species (Khan et al. 2016) , it is widely known that triclabendazole (TCBZ) is the drug of choice for treatment because of its ability to kill both adult and immature stages (Kelley et al. 2016) . Unfortunately, resistance against many anthelmintics, including TCBZ, has evolved; a situation that affects disease control and necessitates trying other alternatives, especially medicinal plants (Ullah et al. 2017) . Bioactive plant products have been given much attention because they are ecologically safe and culturally more acceptable than their synthetic counterparts (Singh et al. 1996) . Different medicinal plant extracts have been successfully used as anthelmintics against fasciolosis (Moazeni and Khademolhoseini 2016; Ullah et al. 2017) . Moringa oleifera Lam. belongs to the family Moringaceae and is known as a vibrant and excellent source of phytochemicals, which are involved strongly in medicinal applications and functional food preparations (Saini et al. 2016 ). The antiparasitic effect of M. oleifera extracts has been evaluated in different studies, and a potent effect was recorded against different developmental stages of Haemonchus contortus (Tayo et al. 2014) . Complete elimination of Trypanosoma brucei brucei from infected mice was recorded by Bulus and Addau (2013) . M. oleifera extracts showed promising results as an alternative treatment to schistosomiasis (Almanzor et al. 2014) , while the gum of M. oleifera showed an anti-filarial effect (Murthy et al. 2011) . These findings motivated this study to explore the in vitro ovicidal effect of M. oleifera seed methanolic extract on development of F. hepatica eggs and evaluate in vivo effects on F. hepatica experimentally infected rabbits, with special reference to the examination of some biochemical and histopathological effects in rabbit sera and tissues.
Materials and methods

Ethical approval
The experiments were conducted in compliance with the requirements and recommendations of the International Animal Ethics Committee and the ethical Committee of the National Research Centre and the current Egyptian Law and Regulations for the protection of experimental animals to minimize negative states (harm) and improve feeding and housing conditions, under certificate number (17134).
Preparation of M. oleifera seed methanolic extract M. oleifera seeds were brought from the Egyptian Scientific Society for M. oleifera at the National Research Centre, Dokki, Giza. Seeds were milled to powder and kept in a closed bottle. The powdered seeds (500 g) were submerged in methanol (1:10) at room temperature for 2 days with discontinuous shaking and then filtered through filter paper. The concentration of methanolic extracts was made under reduced pressure using a rotary evaporator at 40°C. The concentrated methanolic extract was kept at 4°C until utilized. When utilized, the prepared extract was dissolved in distilled water with the addition of a few drops of Tween-80 (Harborne 1984) .
Collection of F. hepatica metacercariae
Experimental infection for snails was performed using miracidia hatched from mature F. hepatica eggs. Metacercariae were collected from snail's culture of Galba truncatula (Nanev et al. 2017 ). Examination of metacercariae was performed under an optical microscope: metacercariae with excretory granules were deemed viable.
In vitro study
Collection and counting of F. hepatica eggs Three rabbits were experimentally infected orally using 50 selected viable F. hepatica encysted metacercariae per animal (Poljakova-Krusteva 1970) . After detection of F. hepatica eggs in feces on the 63rd day post infection, using a sedimentation technique according to Mooney et al. (2009) , the rabbits were humanely slaughtered. Immature F. hepatica eggs were obtained from the gallbladders. The eggs were handled according to the method of Hegazi et al. (2007) . The number of immature eggs per 1 ml of solution was recorded and the collected eggs were kept in the refrigerator at 4°C until used.
Ovicidal activity of the extract
The efficacy of M. oleifera seed methanolic extract was investigated against immature F. hepatica eggs at concentrations of 1, 5, 10, 25 and 50 mg/ml with different exposure times; 24, 48 and 72 h in test tubes, which each contained around 1000 eggs. At the end of the exposure period, repeated washing and sedimentation using distilled water was performed to exclude any remnants of the tested extract. A control negative untreated test tube with 1000 eggs suspended in distilled water was included. All the test tubes were incubated at 26°C for embryonation. The eggs were examined every 3 days until the control eggs approached hatching, as evidenced by movement of miracidia within the eggs (Roweliffe and Ollerenshaw 1959) . The day of hatching was that on which most of the eggs with developed active miracidia hatched after exposure to artificial light for 15 min. The number of hatching eggs out of 100 eggs found in five separate microscopic fields was counted. Hatching mean percentage was estimated according to Hegazi et al. (2007) . Then, the reduction percentage of F. hepatica egg hatching was determined using the following formula:
Inhibitory activity
¼
Hatching of control eggs À Hatching of exposed eggs Hatching %of control eggs Â 100
In vivo trial
Experimental design
Eighteen local breed rabbits, 1.5-2 kg weight, free from parasites as proved by daily examination of their fecal samples for 5 successive days using a sedimentation technique (Tsotetsi et al. 2013 ), were utilized. The rabbits were maintained in clean metal cages, and nourished on balanced rations and water ad libitum. Three groups of rabbits were involved with six animals in each. Group I served as uninfected untreated animals (negative control), group II was experimentally infected with F. hepatica (positive control), while group III was treated with M. oleifera seed methanolic extract. The experimental infection of groups II and III was achieved via oral dose of 50 selected viable F. hepatica encysted metacercariae per animal on the 1st day of the experiment (Poljakova-Krusteva 1970). Infection was confirmed through detection of the characteristic Fasciola eggs in feces on the 63rd day post infection. Group III (the treated group) was given an oral dose of 150 mg/kg BW M. oleifera seed methanolic extract per day for 3 successive days, according to Almanzor et al. (2014) .
Fecal egg count per gram
Fecal samples of each animal were collected separately for 10 consecutive days post treatment. Determination of egg count per gram of feces (EPG) was carried out using the sedimentation technique as described by Mooney et al. (2009) . The efficacy of the extract was estimated by the reduction of mean EPG following the formula mentioned by Foreyt (1988) :
Fluke recovery
On day 84 post infection, dissection of all infected and treated rabbits was done, and livers and gallbladders were examined carefully. Flukes were assembled and counted according to the method of Kendall et al. (1967) .
Biochemical studies
Blood samples were collected weekly for each animal from the ear vein of all infected and treated rabbits. Serum samples were separated and kept at -20°C until further biochemical analyses. Total proteins (Henary et al. 1974 ) albumin (Doumas et al. 1971) , glucose (Trinder 1969) , activity of alanine aminotransferase (ALT) (Reitman and Frankel1957) , total cholesterol (Allain et al. 1974) , triglycerides (Fossati and Prencipe 1982) , creatinine (Houot 1985) , and urea (Patton and Crouch 1977) were assessed. Test kits supplied by bioMérieux-France, were utilized.
Histopatholgical studies
Tissue specimens from livers and gallbladders were handled rapidly after slaughter of rabbits, fixed in 10% neutral formalin and stained with hematoxylin and eosin (H & E) stain as mentioned by Bancroft and Gamble (2002) .
Statistical analysis
The obtained data was analyzed for the mean and standard deviation (SD). Statistical comparison between the means of different treatments was conducted using one-way ANOVA with the SPSS program, version 10. A P value of \ 0.05 was assumed for statistical significance.
Results
In vitro study
Five different concentrations of M. oleifera seed methanolic extract, ranging from 1 to 50 mg/ml, were tested against the vitality and hatchability of F. hepatica eggs at various exposure times, where no inhibitory effect of the solvent on immature F. hepatica eggs was observed (Fig. 1) . The results revealed that the inhibitory activity of the extract increased with increasing extract concentration and exposure time. Following 24 h of exposure, a slight inhibitory effect of the used extract, 7.7 and 8.0%, was observed at concentrations of 1 and 5 mg/ml, respectively. This inhibitory effect increased with increasing application concentration, until reaching the highest rate (96.9%) at a concentration of 50 mg/ml. Yet, no complete failure of development of treated eggs was observed. Following 48 and 72 h of exposure, the inhibitory activity of the extract was higher than that recorded after 24 h of exposure at all tested concentrations of the extract. Complete failure of development and death of all immature eggs first appeared at concentrations of 25 and 10 mg/ml, respectively.
At low concentrations of M. oleifera seeds methanolic extract, high rate of dead miracidia inside the eggs (developed non-hatched eggs) was observed (Fig. 2) . While, at high concentrations complete failure of egg development and dead eggs containing dark embryos without any development were observed in comparison with control non-treated eggs (Fig. 2) .
In vivo study
Fecal examination revealed that all the experimentally infected rabbits were passing eggs on day 63 post infection. Mean fecal egg count (FEC) at 0 day (before the treatment) was 125 ± 13.75 eggs per gram (EPG) feces. Gradual decreasing of FEC was detected from 1st day post treatment until the end of the experiment. On the 1st and 2nd days post treatment, FEC in the treated group began to decrease, showing a 20% reduction in comparison with the positive control group. Meanwhile, on day 3 after treatment, FEC in the treated group decreased significantly (P \ 0.05) showing 68% reduction. Complete absence of egg shedding was recorded on the 7th day post treatment until the end of the experiment, 84th day post infection (Figs. 3 and 4) .
All the experimentally infected rabbits were sacrificed on day 84 post infection and the number of flukes recovered from each of the livers on autopsy was recorded. The average number of flukes in the control non-treated rabbits was 3.2 ± 1.5, while no flukes could be recovered from the treated rabbits.
Serum biochemical changes
The results showed significant (P \ 0.05) increase in the serum total protein and globulin post infection, while this level diminished over the course of treatment; however, albumin level and A/G ratio showed a significant decrease during infection and treatment. Serum glucose level revealed non-significant changes (Table 1) . A significant rise was detected in the activities of ALT, AST, total cholesterol, triglycerides and urea during the period of infection, which decreased with treatment. Slight significant reduction of creatinine level was recorded during infection and treatment (Table 2) .
Histopathological alterations
Microscopic examination of the infected rabbits' liver tissue demonstrated presence of degenerative and necrotic changes of the hepatocytes, focal inflammatory cell infiltration and fibrous connective tissue proliferation present at the portal area, associated with hemorrhage. These alterations were improved via treatment with M. olifera seed methanolic extract in the infected treated group by lessening bile duct hyperplasia, congestion of blood vessels and leukocytic infiltration (Fig. 5) . The examination of gallbladders of infected rabbits indicated epithelial hyperplasia, congestion and severe leukocytic infiltration; these changes were reduced in treated rabbits' gallbladder tissues (Fig. 6 ).
Discussion
The current study was carried out to assess in vitro ovicidal and in vivo flukicidal effects of M. oleifera seed methanolic extract on F. hepatica to develop an alternative source of treatment. It provided evidence of inhibitory Fig. 1 Inhibitory activity of Moringa oleifera seed methanolic extract on hatchability of F. hepatica eggs activity of the extract on the vitality and hatchability of F. hepatica eggs. This inhibitory activity was concentrationdependent and also correlated strongly with the exposure time. In other reports, the inhibitory activity of some synthetic and natural fasciolicides increased with increments of their concentrations and prolongation of egg exposure time (Hegazi et al. 2007; Moazeni and Khademolhoseini 2016) . Tayo et al. (2014) proved that inhibition of H. contortus egg embryonation could induced by using of aqueous extract of M. oleifera leaf extracts by (94.5% ± 4%) and (92.8% ± 6.2) for the ethanolic extract. Also they recorded inhibition of H. contortus egg hatchability by (90.2% ± 8.4%) for the aqueous extract and by (99% ± 2%) for the ethanolic extract at concentration of 5 mg/ml. Cabardo and Portugaliza (2017) mentioned that aqueous extract of M. oleifera seeds caused inhibition of H. contortus egg hatchability by (81.72%), while during using the ethanolic extract, it was (95.89%) at concentration of 15.6 mg/ml extract. This inhibitory effect of the extract on vitality and hatchability of F. hepatica eggs might be attributed to tannins as the main secondary metabolite in M. oleifera seeds (Cabardo and Portugaliza 2017) . Tannins might permeat the different layers of the egg and suppress the formation of miracidia by affecting the embryo. Fig. 2 Shapes of normal F. hepatica eggs and F. hepatica eggs treated with Moringa oleifera seed methanolic extract. a F. hepatica egg obtained from fecal sample of experimentally infected rabbits 9 100. b Normal (untreated) F. hepatica eggs collected from the gall bladder of experimentally infected rabbit 9 100. c Normal hatched F. hepatica eggs 9 400. d Treated F. hepatica eggs showing various deformities 9 400. e Undeveloped miracidium inside egg 9 200. f Egg containing dark embryo 9 100 Fig. 3 Anthelmintic efficacy of M. oleifera seed methanolic extract against F. hepatica as evident by mean egg count per gram of feces in rabbits Vargas-Magaña et al. (2014) illustrated three reasonable mechanisms that could induce inhibition of egg hatching using plant extracts, including an effect on the permeability of the egg shell, suppression of some enzymes for egg hatching, and an impact on the hatching receptors present in egg shells. Unfortunately, insufficient data on the ovicidal effect of medicinal plants against F. hepatica eggs was available.
In vivo, the anthelmintic activity of M. oleifera seeds was confirmed by a gradual decrease of FEC from the 1st day post treatment to the end of experiment and elimination of liver flukes in the treated rabbits. These results appeared to be in line with those obtained by Maqbool et al. (2004) who screened the efficacy of aqueous extract of some indigenous medicinal plants; Fumaria parviflora, Caesalpinia crista, Nigella sativa, and Saussurea lappa on improvement from fasciolosis in buffaloes. In a related study, Nassef et al. (2014) reported that the use of soybean extract with genistein at a single oral dose of 100 mg/kg BW against the experimentally F. gigantica infected rabbits induced FEC reduction 41.6 and 95.8% on the 3rd and the 7th day post treatment, respectively. Other medicinal plants, Albizzia anthelmintica, Mimoaseae stem bark and Balanites aegyptiaca could induce reduction in fluke counts reaching to 95.5, 93.2 and 97.7%, respectively (Koko et al. 2000) . Moreover, Almanzor et al. (2014) reported that the administration of M. oleifera leaf ethanolic extract at a dose of 150 mg/kg BW for Schistosoma japonicum infected mice caused a decrease of the number of recovered worms. The anthelmintic activity of the extract in the present study might be due to the content of the various parts of the Moringa tree being good sources of unique glucosinolates, flavonoids and phenolic acids (Coppin et al. 2013) . So the effect of M. oleifera seed methanolic extract against F. hepatica might be assigned to the antiparasitic action of benzyl isothiocyanat, which suppressed the energy metabolism and motor systems of the parasites (Kumar et al. 1991; Chimedza et al. 2017) .
Regarding the protein profile in this study, the increase in total serum proteins during infection and pretreatment might reflect a rise in the globulins, predominately the immunoglobulins (Kaneko et al. 1992) . It might be due to the increase of c-globulin in response to the antigenic stimulation of the migrating juvenile flukes (Chapman et al. 1979) . Indeed, Gajewska et al. (2005) reported that migration of flukes could involve damage of liver tissue, causing alteration of the level of plasma protein concentration (albumin, globulin) and hepatic enzymes released in the blood. Increased values of AST, ALT, triglycerides, and the total cholesterol during the infection period might be due to the resulting hepatocellular necrosis and degeneration (Boone et al. 2005; Taleb et al. 2007; Deger et al. 2008) . In the present study, administration of M. oleifera seed methanolic extract in the infected treated group could induce reduction of AST and ALT activities, as well as urea, cholesterol and triglycerides levels, which might be due to the hepatoprotective effect of the prepared extract and the existence of flavonoids, steroids, and phenolic acids and their esters among M. oleifera seed extract constituents (Saini et al. 2016) . Also, the hypocholesterolemic effect of M. oleifera extract could be a result of its direct influence on the liver or an indirect effect on thyroid hormones which impact reactions in nearly all the pathways of lipid metabolism (Ghasi et al. 2000; Mehta et al. 2003) .
On the other hand, histopathological findings showed that infected rabbit liver and gallbladder tissues showed severe histological alterations, atrophy, and dysfunction. This might be explained by Hodžić et al. (2013) who found that the pathological changes brought about by mechanical and toxic effects of F. hepatica impacted the complex vascular and biliary systems in the liver which are essential for maintaining normal function of the liver. Moreover, the microscopic examination of liver and gallbladder tissues of infected rabbits revealed severe leukocytic infiltrations that agreed with Paulo et al. (2010) who mentioned that the eosinophil granulocytes were mostly supposed to be attracted by immune complexes which would be motivated by histamine release, causing the body to generate more endogenous histamine along with other inflammatory molecules into the body. The pathological alterations of the liver and gallbladder of rabbits were improved via treatment with the prepared extract, showing decreases in hyperplasia, congestion, and leukocytic infiltration. Hence, it was suggested that the significant changes after treatment might be due to regenerative changes in the parenchyma and the normalization of liver function (Hodžić et al. 2013) . Also, the different biological activities embracing (Saini et al. 2016 ).
The present study has a head start in evaluating M. oleifera seed methanolic extract against fasciolosis. It is perceived that the in vivo results of application of M. oleifera extract against F. hepatica infection are consistent with the in vitro experimental results. This study proposed that the extract used has promising and potent fasciolicide activity, with certain limitations. However, further largescale in vivo investigations using variable multiple doses of the prepared extract are required to check the efficacy and achieve a safe and easily applicable herbal drug against fasciolosis. 
